Abstract. Zeolite L is a crystalline aluminosilicate compound and a typical chemical composition of K9Al9Si27O72•nH2O (n = 0-36). The structure and chemical properties, as well as their sizes and morphologies of zeolite L has led to various applications in different fields. The aim of this study is to investigate the effects of chemical compositions of the starting gel on the synthesis, size and morphology of zeolite L crystals. Zeolite L had been synthesized hydrothermally at 180 ˚C for 2 days, from gels with the molar compositions of 2.62-3.78 K2O: 0.8-1.4 Al2O3: 8-12 SiO2: 80-200 H2O. The variation of chemical compositions led to the differences in morphologies and crystal sizes. Their morphologies varied from ice hockey to cylindrical shapes and their crystal sizes varying from 1.50-7.53 µm. With an increase in H2O and SiO2, the crystal size was also increased but decreased with an increase in K2O. In varying Al2O3, there was no effect on their shapes which were still cylindrical but with different crystal sizes. Moreover, the adsorption of ethylene on zeolite L samples depended significantly on crystal shapes and sizes.
Introduction
Zeolite L with well-defined size and morphology can be applied in various applications. Zeolite L was first described in 1968 [1] . It is hexagonal with unit cell dimensions of a = 18.4 Å and c = 7.5 Å and with space group P6/mmm. The typical chemical composition of zeolite L is K9[(AlO2)9(SiO2)27]·22H2O [2] . Zeolite L is usually formed with the ratio of Si/Al between 3 and 6, but it is possible to make low-silica LTL phases with Si/Al equal 1 [3] . Preparations of the zeolite L have been reported by various investigators. Most of the reports on the synthesis of zeolite L are involved with an increase in SiO2 and H2O and decrease in KOH and Al(OH)3 leading to an increase in the size of zeolite L [4] . Recently, Yun-Jo Lee et al. [5] found when Al2(SO4)3 was used as alumina source instead of Al(OH)3, the size of crystals increased with an increase in Al2(SO4)3. Moreover, S. D. Bhat et al. [6] reported systematic studies of hydrothermal crystallization of K-LTL zeolite L at high temperature. The results showed that most of siliceous gel systems caused high rates of nucleation and crystallization. It resulted in the formation of more siliceous K-LTL zeolite L with less yield and clam shape agglomerates. In more aluminous system, the particle size, Si/Al ratio and the yield of product were found to be increased with a decrease in molar K2O/SiO2 ratio.
Moreover, zeolite L crystals that are clam and hockey-puck have been synthesized [7] . When alkanolamine is added into starting sols, it led to clam shape [8] . In addition Larlur et al. [9] reported the synthesis of columnar/cylindrical shape of zeolite L to observe optical properties of dye loaded zeolite L. The structural and chemical properties of zeolite L, as well as their sizes and morphologies play a significant role in the applications. For large crystals (1-3 µm) with cylindrical shapes [8] , they are useful for studying the optical and photophysical properties of dye-composites on single crystals by means of optical microscopy method. A disc-shaped morphology is an important prerequisite for the preparation of oriented monolayer of zeolite L on the substrate use for optimizing the utilization of dye-zeolite composites as photonic antenna system. Small crystals (30-50 nm) are useful for photonic antenna materials [10] . Recently, S. Trakarnroek et al. [11] studied the effects of catalyst prepared by loading Pt on different morphologies and channel lengths of the KL zeolite on the reaction of n-octane aromatization. They found that KL zeolite with cylindrical shape was an effective catalyst and the effectiveness strongly depended on the channel length of the zeolite L crystals. Moreover, zeolites are used as adsorbent for adsorption of ethylene and other gases [12] . The important role of ethylene is to control the growth process associated with aging of plants. Ethylene causes many physical changes in the appearance of fruits and vegetables such as colour change in fruits and stem wilting in flowers. Many researchers were trying to search for appropriate adsorbents for ethylene removal. Zeolites have been reported for ethylene adsorption [13, 14] . The ethylene adsorption isotherm of zeolite Y and modified zeolite Y by cationic surfactant were studied. The results shown that zeolite Y modified by PTAB can enhance the ethylene adsorption capacity up to 111.19 cm 3 g -1 [15] . 13X zeolite could be also separated ethylene from CO 2 [16] . Many studies reported there are two types of interaction between ethylene and zeolite framework. Firstly, the filled ethylene π-orbital donates electron density into an empty metal σ -orbital which is called σ -donation. Secondly, d-π* back-donation is interaction between the empty antibonding (π*) molecular orbital of ethylene accepts electron density from the filled metal d-orbital. Sometime called all of interactions are cation-π interaction [15, 17, 18] .
Although the amount of detail in the literature describing synthesis routes of zeolite L, but no reports on extensive range to control the crystal morphology of zeolite L have been reported so far. The morphology of the zeolite L crystals synthesized in this study range from ice hockey to cylindrical morphologies. The optimum conditions for synthesis zeolite L with different shapes under variation of several synthesis parameters (alkalinity, dilution, Al2O3 and SiO2 content) and some physicochemical properties were studies.
Experimental Section

Materials and Chemicals
Colloidal silica sol (Ludox HS-40 from Dupont, 40% SiO2) and aluminium hydroxide (CARLO ERBA, 98%) were used as silica and alumina sources, respectively. Potassium hydroxide (CARLO ERBA, 85%) was used for alkali metal cations. Ethylene gas with 99 % purity obtained from Mox (Malaysia) were selected as adsorbates on zeolite L.
Synthesis
Cylindrical shape: 2.62 K 2 0:Al 2 O 3 :10SiO 2 :160H 2 O Zeolite L crystals was synthesized by a method modified from the literature [19] . Weight of 0.59g of aluminium hydroxide was dissolved by boiling potassium hydroxide solution (1.28g of potassium hydroxide was added to 2.51g of double distillate water until clear solution. This solution was added to 5.52g of Ludox HS-40 with 4.82g of double distillate water in mixer. The clear solution mixture was stirred for 3 minutes to obtain gel with viscosity and turbidity. The starting gel was then transferred into a Teflon-lined autoclave for crystallization at 180 ˚C for 2 days without stirring. After crystallization, the Teflon-lined autoclave was cooled in cold water before opening. The product was washed with distilled water until the pH of liquid was close to 7. Finally, the crystalline solid was dried for overnight at 80 ˚C in an air oven. For another sample can be prepared by vary composition of starting materials.
Characterization
The products were analyzed by powder X-ray diffraction (XRD) using a Model D5005, Bruker, CuKα radiations scanning from 3-50˚ at a rate of 0.05 ˚/s with current 35 mV and 35 mA. The experimental XRD patterns of obtained products were compared with calculated ones reported in the collection of simulated XRD patterns [20] . To calculate crystallinity of zeolite L, the areas of main peaks located at 2θ = 5. was used for the examination of zeolite L morphology. The framework was also confirmed by FT-IR (Spectrum GX, Perkin-Elmer) with KBr pellet technique in the range between 4000 and 400 cm -1 . The particle size distribution was determined by DPSA (Malvern Instrument, Masterizer 2000) with the sample dispersed in distilled water and analyzed by He-Ne laser. The specific surface area was evaluated by the nitrogen gas adsorption at -196 ˚C using automated volumetric equipment (Autosorb 1-Quantachrome Instrument, U.S.A).
Ethylene Adsorption
The determination of ethylene (C2H4) adsorption capability, the adsorption isotherm was carried out by NOVA 1200e instrument (Quantachrome Instrument, U.S.A) at adsorbate temperature of 0 ˚C. Figure 1 shows the XRD patterns of zeolite L with different morphologies. The patterns were compared to a standard pattern of commercial zeolite L (Union Carbide or UOP) [20] . The XRD pattern all of samples shows the same 2 theta (2θ) that the main peaks located at 2θ = 5.5, 19.4, 22.7, 28.0, 29.1 and 30.7. IR spectra of zeolite L crystals with different morphologies were shown in Fig. 2 . The stretching vibration at 3480 -3450 cm -1 which appeared in all the samples were attributed to the formation of H-bonds in water and one at 1641-1637 cm -1 was the bending vibration of water. The triplet band in the range 1098 -1020 cm -1 corresponded to the previous report [21] indicating the internal vibrations of T-O-T (T = Si, Al) tetrahedral. A sharp band around 767 -772 cm -1 was the main band characteristics of external or internal symmetric stretching and the band around 608 -611 cm -1 was the band characteristics of double-six-ring vibration. The bands at 478 -482 cm -1 assigned to the T-O bending mode and a shoulder located at 432 cm -1 was the characteristics of a pore opening of external linkages. The band positions of internal and external T-O-T (T= Si, Al) tetrahedral vibration as well as double-six-ring vibration were observed to shift to higher wave numbers with an increase in Si/Al ratio of zeolite L. The trends agreed well with the report of [22] . Figure 3 shows the SEM photographs of the zeolite L samples. They were prepared from synthesis gels with the molar compositions of aK2O:Al2O3:10SiO2:160H2O, where a = 2.62 (a), 2.78 (b), 3.04 (c), 3.26 (d), 3 .54 (e) and 3.78 (f), to monitor the effects of KOH on the crystal morphology. K2O had a high significant effect on the shape and crystal size of zeolite L (see Table 1 ). At low potassium oxide (2.62 mole), the shape of zeolite L crystal was cylindrical and the size 7.53 µm, while ice hockey shapes with 2.47-2.53 µm sizes occurred with K2O varied from 2.78-3.26 moles. The clam-shape crystals with 2.17 and 1.58 µm sizes were observed at high concentration of KOH (3.54 and 3.78 moles of K2O). It may arise from more dissolution of silica colloid according to more concentration of KOH. And also the polycondensation of hydroxoaluminate and silicate species was restricted [6] . Consequently, it provided coin-like-shape crystals apparently for high concentration of KOH and cylindrical shape for low concentration. Similar results of crystal sizes of zeolite L depending on alkaline concentration have also been found from various zeolites such as FAU, MFI, MCM-22 zeolite [23] . Figure 4 shows the SEM image of the zeolite L samples prepared under variation of aluminum contents. The synthesis gels with the molar compositions of 2.62 K2O: bAl2O3: 10SiO2: 160H2O, where b= 0.8 (a), 1.0 (b), 1.2 (c) and 1.4 (d), were monitored. Under this studied conditions, only cylindrical shape of all zeolite L morphologies was found. At 0.8 and 1.4 moles of Al2O3, the obtained solid contained only some crystalline phase but high amount of amorphous phase. (Two small additional pictures in Figs. 4(a) and 4(d) demonstrate crystalline phase of zeolite L). While at 1.0 and 1.2 moles, it was only a pure crystalline phase of zeolite L with a cylindrical shape 7.53 µm and 6.50 µm, respectively. The channel length was decreased with an increase in Al(OH)3 (see Table 1 ). This was consistent with the report of Y. C. Kim et al. [24] . As the Al2O3 increased, the crystal size was decreased. This implies that the nucleation was enhanced due to the increase of Al2O3 and the incorporation of Al into tetrahedrally coordinated silicate framework which should have been enhanced. Our result showed that there is no effect of Al2O3 content on the morphology of zeolite L. The crystals maintained the cylindrical morphology, regardless of the size. Contrary to some reports, Al2O3 content has a great effect on the morphology and crystal size of crystals. They found that as the Al2O3 content was increased the crystallization time increased and the crystal size decreased due to the disruptive effect of the Al on the structure. In addition at low Al content, the crystal shape was round and an increase in Al content the crystals were changed to an elliptical rice-like morphology [5, 9, 25] . [4] . They found that the SiO2/Al2O2 ratios of the synthesis mixture affected the shapes and sizes of the zeolite L crystals. The crystals were clam-shaped whereas the siliceous gel produced crystals having basal planes of more flatness. And also the crystal size was increased with an increase in SiO2 content [26, 27] . Figure 6 shows the SEM photographs of the synthesized zeolite L prepared from the synthesis gels with the molar compositions of 2.62 K2O: Al2O3: 10SiO2: dH2O, where d = 80 (a), 100 (b), 160 (c), 180 (d) and 200 (e). At H2O content of 80 and 100 moles, there were only pure zeolite L phases with a round and disk shape, respectively. Moreover, with H2O of 160 mole the zeolite L crystal with a long cylindrical shape (7.53 µm) was observed. In case of H2O contents varied from 180 to 200 moles, the mixed phases of zeolite L and zeolite W were appeared. (Two small additional pictures in Figs. 6(d) and 6(e) show the crystalline phase of zeolite L). Additionally, when the reaction time was extended to 3 days, in case of 180 and 200 moles of H2O, at 180 moles, the obtained solid contained only single phase zeolite L. In contrast with 200 moles, mixed solid phases of zeolite L and zeolite W were still appeared. It was also found that the average crystal size of zeolite L increased as the H2O increased. This may be attributed to the slowdown of nucleation and crystallization. The result agreed with the report of Y. C. Kim et al. [24] . If the water content in the optimum composition increased to 160 moles, the long cylindrical shape of zeolite L crystal was obtained. It indicated that in dilute systems a preferential growth along the c-direction was over the a-b plane. This was consistent with the report of Rhea Brent et al. [28] . The summary of the starting gel compositions in the synthesis of zeolite L and the products with some properties under the conditions studied was shown in Table 1 . 
Results and Discussion
XRD and FTIR
Effects of KOH
Effects of SiO2
Effects of H2O
Particle Size Distribution
Figure 7(a) shows particle size distribution of highly crystalline phase of zeolite L. For clam, ice hockey and round shapes (samples 5, 11 and 15 in Table 1 , respectively), monomodal narrow sized distributions having an average particle size 2.17, 1.50 and 4.39 µm, respectively, were displayed. For cylindrical shape (samples 9), it showed a broad band distribution an average particle size 7.53 µm. Figure 7 (b) shows the particle size distribution of the yield from the gel composition of 2.62K2O:Al2O3:10SiO2:180H2O (see Table 1 ) under 2 days reaction time (sample 17) and 3 days (sample 18). For the 2 days reaction time, the particle size distribution existed more than one mode and was very wide due to an inhomogeneous of large particle sizes (see also Fig. 4(d) ), while the 3 days reaction time, a shape distribution curve was shown due to the high crystalline content of zeolite L.
(a) Fig. 7(a) . Particle size distribution of zeolite L with different crystal shapes. 
Adsorption of Ethylene on Zeolite L
The adsorption isotherms of ethylene on zeolite L with differences in sizes and shapes of the crystals were shown in Fig. 8 . All of the adsorption isotherms exhibited a type I adsorption isotherm based on the IUPAC classification. The adsorption isotherms of the samples were divided into two groups. The first group (ice hockey, clam and disk shape with crystal sizes: 1.50, 2.17, and 4.39 µm, respectively) had a relatively higher adsorptive capability than that of the other group (cylindrical with 6.50 µm and 7.53 µm). It could be attributed to the fact that the smaller the crystal size was, the more the surface areas became (see Table 2 ). When considered the effect of Si/Al ratio, it was found that at lower Si/Al ratio of zeolite L, the adsorption capacity was enhance due to more compensated by K+ ions, so that there are more sites for ethylene adsorption [29] . Based on this reason, it was anticipated that the first group could better adsorb ethylene than the other one. 
Conclusion
Well crystalline zeolite L could be synthesized with different mole ratios of aK2O: bAl2O3: cSiO2: dH2O and it appeared with different morphologies and crystal sizes. The optimal molar compositions to yield a pure phase of highly crystalline zeolite L in different shapes were 2.62K2O: Al2O3: 10SiO2: 160H2O for a long cylindrical shape, 2.62K2O: 1.2 Al2O3: 10SiO2: 160H2O for a short cylindrical shape, 2.62K2O: Al2O3: 10SiO2: 80H2O for a round shape, 3.54K2O: Al2O3: 10SiO2: 160H2O for a clam shape and 2.62K2O: Al2O3: 8SiO2: 160 H2O or 3.04K2O: Al2O3: 10SiO2: 160 H2O for an ice hockey shape. The differences in crystal sizes and shapes of the resulting zeolite L caused by nucleation and crystal growth which depended strongly on starting gel compositions and crystallization condition. The change in morphology seemed related to the crystal sizes. The faster the nucleation/crystallization occurred, the smaller crystal sizes were achieved. The results of characterization as well as the adsorption of ethylene indicated that the crystal morphologies and also the crystal sizes affected the physicochemical properties of zeolite L.
